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A Candidate Coaxial Ferrite Phase Shifter for the 8 GeV Linac
•  The 8 GeV linac has 400 superconducting cavities.
•  An RF system with one Klystron per cavity would require 400 Klystrons.  I will not be party to such a design.
•  Therefore it must use a “TESLA-style” RF fanout in which many SC cavities (8~10) are fed from a single high-power Klystron.

This brings the Klystron count down to the 40-50 range.  Thirty of these are “TESLA”-style 1.2GHz, the rest are 805MHz.
•  This system loses the flexibility of a one-cavity-per Klystron system to individually control the cavity drive.
•  In addition, it is desired to accelerate electrons at ~10 Hz, inbetween the H- injections into the FMI which occur every 1.5 seconds.

! This requires phase jumps of up to +/-180 degrees between electron and H-/Proton cycles on individual cavity drives
•  This phase adjustment must necessarily occur on the high-level cavity feeds, with peak power ~0.5 MW, average power ~60kW.

! Such a design was started by the SNS, but dropped due to lack of R&D time.
•  The speed at which the phase jump takes place is not yet well defined.

! A minimum requirement is to jump the phase in 0.1 second  (between Linac pulses).
! A ambitious requirement is to use the phase shifters to compensate for phase shifts due to microphonics in the cavities.

This may be unnecessary if the microphonics of the final system are small and the piezo tuners work for Lorentz detuning.
The present guess is that a response time of ~20-50 usec and a slew rate of ~1 degree/usec would suffice.

•  The amplitude control function is also not yet well defined
! The combination of individual phase shifters, piezo and mechnical tuners, and fast Klystron RF amplitude control will suffice
! In any case a fast phase shifter can be used to produce fast amplitude control using hybrids, etc. if needed.

KEY SPECIFICATIONS
- 500kW Peak power, 60kW average power.
- 1.2 msec * 10 Hz = 1.2% RF duty cycle
- 360 degree phase adjustment , (~400 degrees if used for feedback)
- Insertion loss ~0.2 dB, corresponding to ~300W of average RF power dissipation
- VSWR of <1.3 over range of phase adjustment.  (Reflected power does not cause a problem; it mostly ends up in the back-

termination of the directional coupler used for power fanout.  It is just an efficiency consideration).

AN EXISTANCE PROOF (AND MAYBE A CANDIDATE FOR THE FINAL DEVICE)
- Developed at Bell Labs circa 1965 for phased-array radar systems
- > 500 degrees of phase adjustment at 1.3 GHz for 60cm length.
- Coaxial design 60cm long.  This is compact and might integrate well with the coaxial power coupler to the cavity.
- 0.2 dB insertion loss measured.  There are arguments that coax shifters should have lower losses due to better field geometry.
- Power handling up to 350 kW, limited by available power.  Scaling a coax design to higher power should be straightforward.
- Ferrite is biased above resonance (800-1500 Oe) so a substantial biasing coil is required.
- Bias coil power dissipation 2kW DC, which translates to ~30 W for pulsed operation at (2msec*10Hz)=2% duty cycle

The following pages are excerpted from:
Von Aulock and Fay, “Linear Ferrites for Microwave Applications”, Academic Press, 1968, p.174-83
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